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Multiple Sclerosis
Multiple sclerosis is a chronic auto-immune disease of the brain and spinal cord, where auto-reactive lymphocytic cell activity is directed against the myelin and axons (Ward-Abel, 2008) ). The disease is characterized by early periods of relapse and remission as initially short-lived inflammation and remyelination occurs; however, this capacity for repair does not endure as oligodendrocytes are depleted, and progressive demyelination and axonal neurodegeneration with attendant disability develops (Compston and Cole, 2008) .
The exact trigger of this auto-immune disorder remain elusive; however, it is suggested that MS is most likely a result of a complex interplay of environmental risk factors and genetic susceptibility (Compston and Cole, 2008; Malik et al, 2014 ) (see figure) . 
Epidemiology

Coeliac disease
Although coeliac disease was once considered to be uncommon (Leeds et al. 2008) , the evidence from serological screening studies suggests the prevalence of coeliac disease in healthy global populations is around 1% (Rubio-Tapia et al, 2012) . Whilst there are reports of some geographical variation in incidence and prevalence, such as fewer cases in Finland than Germany (Ludvigsson et al, 2015) , overall the western world frequency seems comparable, and similar to the prevalence of the disease in the Middle East and Australasia. This figure is thought also most likely to be an underestimation of cases with many people living with but not currently identified as having the condition, suggesting the actual incidence worldwide will be higher (Reilly & Green, 2012) .
There have been fewer reports of coeliac disease described in oriental and sub-Saharan African populations (Kang et al, 2013) , where it has been hypothesized that the predominantly rice based diet wields an environmental sparing effect in such regions (Ciclitira et al, 2010) ; however, some literature suggests that coeliac disease might not be so rare in places such as China, rather the diagnosis is missed (Jiang et al, 2009) . As the diet of developing countries or countries with primarily rice based diet consumption becomes 'westernized' and the ingestion of wheat based products increases, the prevalence of coeliac disease is predicted to likely rise (Sapone et al, 2012) .
The true figures and increase in incidence will be supplemented by the growth in cases found by enhanced diagnostic techniques and improved awareness of the disease, both of which have contributed to the growing prevalence (Ludvigsson et al, 2015) . Nevertheless, missed diagnosis, as well as delays in establishing a diagnosis of the disease, is reported consistently in the literature and explained by issues such as atypical symptomatic presentations or a lack of clinician consciousness of the condition (Zipser et al, 2005; Jones and Sleet, 2009; Viera et al, 2011) .
Multiple Sclerosis
MS is the foremost cause of neurological disability in young adults with over 2 million people living with the disease worldwide, though the lack of accurate global data might suggest this figure be considered to be an underestimate (Malik et al, 2014) .
The incidence is highest in countries peopled by Northern Europeans and their progeny (Compston and Cole, 2008) , with negligible incidence in some African states and low incidence in China and the far East (Bomprezzi & Craig, 2009 ). Simpson et al (2011) presented evidence that the incidence of MS increases with increasing global latitude; they suggested that variations from the worldwide distributional gradient, which is seen in lower than expected incidence in northern Sardinia for example, may be attributed to genetic and behavioural-cultural factors.
In the UK, Mackenzie et al (2013) estimated that 126 669 people were living with MS in 2010 (203.4 per 100 000 population). The prevalence within the UK rises most strikingly the further north one ventures, with Orkney recording the highest occurrence worldwide (Visser et al, 2012) .
Immune mechanisms and genetics
Coeliac disease is a chronic systemic immune mediated disease characterised by reversible inflammatory changes and flattening of the villi in the jejunal duodenal mucosa in genetically predisposed people (di Sabatino and Corazza, 2009) . Whilst the exact mechanisms of the tissue destruction are yet to be explicated, as with many auto-immune disorders it is recognised that there are both innate and adaptive immune responses; it has been established that predisposition to CD is strongly associated with the HLA (Human Leucocyte Antigen) locus, specifically MHC (major histocompatibility class) II genes that encode HLA-DQ2 (HLA DQA1*0502/DQB1*0201) and HLA-DQ8 (HLA DQB1*0302), located on chromosome 6p21 (Sapone et al, 2012) . The majority of patients with CD (95%) express genes that encode HLA-DQ2; the remainder HLA-DQ8 (Sapone et al, 2012) .
The ingestion of the environmental trigger, gluten peptides, in susceptible individuals during periods of increased gut permeability initiates HLA-DQ2-and HLA-DQ8-positive antigen-presenting cells, which subsequently activates the adaptive immune system CD4+ T-cell lymphocyte response inducing the release of pro-inflammatory cytokines, such as Interferon-ϒ and Inter-leukin-15 (Pagliari et al, 2015) . This triggers the cytotoxic activity of the intraepithelial t-lymphocytes, which leads ultimately to infiltration and proliferation of lymphocytes to the gut mucosa, chronic inflammation hyperplasia of the crypts, and subtotal or complete villous atrophic alteration of the lamina propria, the loose connective tissue layer beneath the epithelium of the gut (Williams et al, 2010; Pagliari et al, 2015) .
Unlike classical CD, the nature of the exact mechanism in MS remains elusive. MS is most likely triggered by an intricate interaction between multiple genes and climatic, infectious and/or other environmental factors, which results in inflammatory-mediated central nervous system degradation, deterioration and disability as a result of auto-reactive CD4 T-helper cells activity against myelin selfantigens (Karussis,2014) .
That MS might be associated with a genetic factors increasing susceptibility when gene activity is modified by environmental factors is suggested from the evidence from epidemiological studies of greater rates of prevalence of MS in discrete populations, and the augmented familial risk; but no single underlying gene for MS has been identified (Bomprezzi & Craig, 2009) . Nonetheless, as with CD, the strongest genetic association relates to gene variants of the major-histocompatibility complex region, supporting the suggestion that MS has an auto-immune aetiology (Milo & Miller, 2014) ; that notwithstanding, the identified HLA risk alleles for genetic predisposition to MS differ to those of CD (HLA-DRB1*1501 and DR2 haplotypes in the case of MS). Nonetheless, it has been suggested that a co-expression of different combinations of the gene variants is likely in the subgroup population of patients with both disorders (Mokarizadeh et al, 2015) .
Conventionally, MS was considered a T-cell dominated disorder; however, evidence suggests the more active participation of B cells in the pathogenesis of the disease, acting as antigen presenting cells, preparing and regulating T-cells and as regulatory and pro-inflammatory mediators (Pröbstel et al, 2015; von Budingen et al, 2015) . Although the target antigen of B cells in MS have yet to be fully identified, it has been hypothesised that antibody against gliadin, may bind to and develop demyelination of neural antigens and promote penetration of the blood brain barrier (Mokarizadeh et al, 2015) .
Coeliac disease and MS
A common quality of auto-immunity is the phenomenon of coincidental disease (Hall & Yates, 2010) .
The increased co-occurrence and association of CD and other autoimmune and extra-intestinal diseases has long been observed and reported (Kumar et al, 2001; Lauret & Rodrigo, 2013) [see   table] , and estimated to be least 10 times more frequent in the population of patients with CD than the general population (Rodrigo et al, 2014) . MS is similarly known to be associated with other autoimmune diseases (Batur-Caglayan et al, 2012) . The causes for the onset and manifestation of CD associated diseases are diverse and often yet to be elucidated; however, it is recognised that some, such as the association with type 1 diabetes mellitus and auto-immune thyroid disorders share a similar genetic HLA basis of predisposition, namely the DQ2 allele (Kumar et al, 2001 ). CD and other auto-immune diseases may share similar pathogenic mechanisms, such as impaired intestinal permeability resulting in increased circulation of immune stimulating infectious agents, or luminal antigens such as gliadin causing dysregulation of the immune system, whereby aberrant intestinal T -lymphocytes trigger tissue damage, and increased antibody-mediated interference of transglutaminase (TGt-2) results in the development and action of autoantibodies against substrate proteins (Lauret & Rodrigo, 2013) . (Nicoletti et al, 2008; ) , in part due to methodological limitations of small population sizes leading to studies being statistically underpowered (Salvatore et al, 2014) , an increased prevalence of CD in patients with Multiple Sclerosis, and their close relatives, compared to the general population has been reported in prospective observational studies (Rodrigo et al, 2011) and the association described in a number of case report studies (Ferro et al, 2008; Batur-Caglayan et al, 2012; Shaygannejad et al, 2013; Azizi et al, 2014) .
In their study, Rodrigo et al (2011) found an increased incidence of TGt anti-IgA antibody serological indicators of CD in patients with Relapsing Remitting Multiple Sclerosis, and evidence of histological changes (duodenal lesions in 29% of the sample, and mild villous atrophy in 11.1% of the sample); there was no variance between the genetic markers (DQ-2 & DQ8 alleles) between the control and patient populations.
Clinical features and presentation of coeliac disease and multiple sclerosis
Coeliac disease can present at any age; previously it presented most commonly either very early in life (aged 9-24 months, after weaning on wheat based products) or later in life, during the third and fourth decades (Lebenthal, 2008) . In the UK adult case presentation tends to be more frequent with a peak during the 4th decade of life (Hopper et al, 2007) .
Hadjilivassilou et al (2010) describe how the word 'coeliac' is derived from 'koiliaki', the Greek word for abdominal, and there are a wide range of gastro-intestinal clinical manifestations of the disease (see table 1 ). The classical presentation of gastro-intestinal symptoms meant that the disease was initially typically thought of as exclusively related to disorder of the gut. Nevertheless, it is now appreciated that atypical or silent presentation includes features not necessarily associated with the gastro-intestinal tract (see table 2); these patents are commonly under or misdiagnosed (Hopper et al, 2007) . Patients with MS present and experience a diverse range of neurological symptoms that manifest the damage to the different parts of the central nervous system (see figure) ; for some patients unremitting stealthy pathology is invariably associated with steady disease progression and disability (Gelfand, 2014) . (Briani et al, 2008; Sapone et al, 2012; Currie et al, 2012; Shen et al, 2012; Dimitrova et al, 2013) . Silent or subclinical neurological involvement has also been described, where it is postulated prolonged exposure to gluten in susceptible patients promoted subtle changes to brain morphology, such as decreased cortical mater volumes and changes to the caudate nucleus, which plays a crucial role in memory and learning (Bilgic et al, 2013) .
The presentation of clinical neurological signs, morphology and disease trajectory associated with CD that resemble and can be misconstrued as those concomitant with MS has been reported, resulting in years of ineffective, unnecessary and costly treatment (Finsterer and Leutmezer, 2014) . Equally, in patients with MS, it has been suggested gluten sensitivity should be considered in those who present with gastrointestinal indicators of disease (Azizi et al, 2014) , and in those patients presenting with ataxia, or atypical MRI findings, or non-response to treatment, even in the absence of gastrointestinal symptoms (Salvatore et al, 2014) .
Cognitive impairment, which may manifest as problems with attention, new learning and memory, and reduced information processing speed, is a common feature of MS with a marked negative impact upon functional status and quality of life (Mitolo et al, 2015) . In adult patients with CD, cognitive impairment presenting as amnesia, acalculia, confusion and personality changes has been reported (Hu et al, 2006) . More recently, milder and more subtle cognitive impairments have been reported and colloquially termed 'brain fog', and manifest as problems with attentiveness and concentration, disorientation, temporary loss of mental alertness, perception and creativity (Lichtwark et al, 2014) . The authors suggested that the effect would be similar to recovery from jetlag over a 24h-period and clearly had implications on health and safety.
The exact cause of cognitive impairment remains elusive. Lichtwark et al (2014) postulated several reasons. Firstly, that CD is associated with malabsorption, which might be associated with micronutrient deficiencies, especially those that are known to contribute to cognitive decline such as vitamin D or iron deficiency; however, there was no evidence of such a correlation. Secondly, elevated levels of circulating inflammatory cytokines act upon central signalling receptors or activate neurones, affecting mood, behaviour and cognition. Finally, using data from animal models, Lichtwark et al (2014) further speculated that gluten may have a direct chemical effect reducing the concentration of tryptophan, a precursor to serotonin; affecting opioid peptides; or changing the gut microbiota, the microorganisms that inhabit the human body; all of which may exert an influence on human brain function. As with some of the more severe symptoms, brain fog improved following adherence to a gluten free diet.
The most frequent neurological manifestations of CD, and other non-CD gluten sensitivities, are peripheral neuropathy and cerebellar ataxia, occurring in up to 10% of patients with CD (Hadjilivassilou et al, 2010; Rashtak et al, 2012) . Brannagan et al (2005) suggested that the neuropathy may be the presenting symptom of the condition and may occur without gastrointestinal tract symptoms. A recent Swedish study found individuals with coeliac disease were around 2.5 times more likely to receive a later diagnosis of neuropathy than those without celiac disease, suggesting that this significant association would merit screening for CD in patients presenting with neuropathy (Thawani et al, 2015) .
As with MS, the peripheral neuropathy associated with CD may be axonal or demyelinating in nature (Tengah et al, 2002) , and the most commonly reported subtypes are symmetrical sensorimotor axonal peripheral neuropathy and small fibre sensory polyneuropathies, though other motor and sensorimotor neuropathies have been described (Chin & Latov, 2005; Hadjivasiliou et al, 2006) . Pain and lower limb paraesthesia are reportedly the most common frequent presentation of CD related neuropathy ; however, asymmetrical sensory symptoms and facial pains have been reported; motor weakness and autonomic symptoms are less common Rezania, 2010) . Luostarinen et al (2003) found evidence of higher heat pain and touch thresholds in patients with coeliac disease further suggesting that peripheral nerve fibres, even small unmyelinated fibres, are impaired.
Adoption of and adherence to a gluten free diet is generally associated with an improvement in symptoms; however, Luostarinen et al (2003) found that patients with CD whose disease was in remission had nevertheless an increased risk of neuropathy, which they considered may have been due to prolonged diagnostic delay.
Ataxia is a frequent complication of MS (Malik et al, 2014) and CD (Hu et al, 2006; Pennisi et al, 2014) , and the most common neurological manifestation of gluten sensitivity (Hadjivassiliou et al, 1998 ).
The ataxic presentation associated with gluten include problems with gait, upper and lower limb coordination, balance and movement; dysarthria and fine-finger movements; oculomotor, sensory or bladder dysfunction; dysphonia and pyramidal signs (Sander et al, 2003; Hadjivassiliou et al, 2003; Nikpour, 2012; Hadjivassiliou et al, 2015) .
The evidence for gluten ataxia has been described as 'overwhelming' and could be previously characterized by the evidence of involvement of immune system mediation by via positive antigliadin antibodies (as seen in CD), and anti-Purkinje neuron antibodies (which may share antigenic determinants, or epitopes, similar to gluten), with ensuing cerebellar inflammation and atrophy (Hadjivassiliou et al, 2004) . The use of more specific and sensitive testing for auto-antibodies not normally found in the blood but present in patients with CD, such as anti-tissue transglutaminase (tTG-2) testing now takes place. TTG is an enzyme involved in crosslinking or connecting certain proteins in various body tissues including the cells of the gut, which is released during the inflammatory response. It is postulated it acts as a deamidating enzyme, degrading and covalently bonding to gliadin peptides, which can enhance the immunostimulatory effect and is thought to be a significant phase in the pathogenesis of coeliac disease (diSabatino et al, 2012) .
It has been noted that adherence to a strict gluten-free diet sees an improvement in ataxic symptoms (Hadjivassiliou et al, 2006) ; however, prolonged exposure to gluten appears to cause permanent and irreparable nerve damage suggesting the need for prompt recognition and treatment to prevent progression (Volta & deGiorgio, 2010; Lauret & Rodrigo, 2013) . The evidence for a gluten free diet in patients with MS is inconclusive, with papers suggesting there was no definitive evidence that such a diet conferred a benefit to the management of MS (Hewson et al, 1984; Schmitz et al, 2015) , whilst Rodrigo et al (2014) suggested the preliminary findings of their recent randomised controlled trial had found that a gluten free diet improved the clinical and physical status of patients and seemingly exerted a neuroprotective effect.
A lack of awareness of coeliac disease is associated with delays to diagnosis, which in turn is associated with adverse effects on the quality of life for the patient as well as an augmented risk of long term complications. Though there is no compelling evidence for endorsing routine screening for CD in patients with MS, nurses do need to have cognisance of the complex picture of two common diseases that have similar symptom presentation and experience of MS in order to provide appropriate assessment, advice, care and management for patients. 
